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Background of the Invention: 

This invention relates to a mobile communication system and a 
method of matching current location information for a mobile station 
and, in particular, to a mobile communication system and a method of 
matching current location information for a mobile station upon 
introduction of packet data communication services. 

A related mobile communication system will hereinafter be 
described with reference to the drawing. 

Referring to Fig. 1 , the related mobile communication system 
comprises a mobile station (MS) 1 , first and second radio networks 
(RN) 2 and 1 8, a mobile services-switching center (MSC) 3, and a 
home location register (HLR) 4. In mobile communication, location 
registration is generally carried out as follows. It is assumed that the 
MS 1 is turned on within a first service area assigned to the first RN 2 or 
that the MS 1 being moved enters into the first service area. In this 
event, the MS 1 transmits a location registration update request signal 
through the first RN 2 and the MSC 3 to the HLR 4. The HLR 4 
preliminarily memorizes subscriber data associated with the MS1 and 
including current location information representative of a current 
location of the MS 1 , i.e., a service area where the MS 1 is present. In 
response to the location registration update request signal, the HLR 4 
updates the current location information memorized therein so that the 
current location information indicates the first service area assigned to 
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the first RN 2. 

When a call signal addressed to the MS 1 is received from a 
public telephone network, the MSC 3 refers to the current location 
information and transmits the call signal to the first RN 2 corresponding 
thereto. 

In the recent mobile communication environment, data 
communication services are introduced. In particular, high-speed 
packet data communication services utilizing packet communication are 
started and operated in a large scale. 

In the packet data communication services, user data are 
transmitted and received between the MS 1 and a packet data 
communication network through the first RN 2 and a packet gateway 
(PGW) 6 without passing through the MSC 3. 

A communication network generally called an internet 
represents one mode of the packet data communication network. 

Therefore, the PGW 6 is required to continuously grasp which 
RN is to be selected for transmission of the user data following the 
movement of the MS 1 . For this purpose, a so-called home agent 
(HA) 7 for managing the current location information is required for the 
packet data communication services. 

In correspondence to the HA 7, the first and the second RN 2 
and 18 are provided with first and second foreign agents (FA) 8, 
respectively. Between the HA 7 and each of the first and the second 
FAs 8 and 19, update management for the current location information 
associated with the MS 1 is continuously carried out. 

A communication protocol to be used herein is under research 
and investigation in various countries in the world on the basis of MIP 
(Mobile Internet Protocol) <RFC2026 et al> constructed by IETF 
(Internet Engineering Task Force) which is an international internet 



protocol research organization. 

In an interim result of research, the basic concept is such that 
the MS 1 periodically transmits a "current location report" to the first or 
the second RN 2 or 1 8 and, in response to the current location report, 
the update management for the current location information associated 
with the mobile station 1 is carried out between the first or the second 
FA8or19and the HA 7. 

However, in the conventional mobile communication system and 
the method of matching the current location information for the mobile 
station, the current location information for each single MS is doubly 
managed individually by the HLR for ordinary mobile communication 
and by the HA for the packet data communication. At present, there is 
no arrangement or means for matching the current location information 
between the HLR and HA. This inevitably results in mismatching in 
MS registration state or latest current location information. 

Upon occurrence of mismatching in current location information, 
the call signal or the user data will undesirably be transmitted to a 
different RN having a service area where the MS is not present. 

In case where the "current location report" is periodically 
transmitted as mentioned above in order to update the current location 
information in the HA, traffic in a radio section is increased. This 
results in suppression of efficiency of use of a radio channel intended 
for speech communication and data communication. 

Summary of the Invention: 

It is therefore an object of this invention to provide a mobile 
communication system and a method of matching current location 
information for a mobile station, which are capable of carrying out 
registration of subscriber data and updating of location information in a 
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unified manner in case where the mobile station uses ordinary mobile 
communication services and packet data communication services. 

According to a first aspect of this invention, there is provided a 
mobile communication system which comprises a mobile station (1), a 
radio network (2) for radio transmission and reception to and from the 
mobile station, a home location register (4) for managing, through a 
mobile services-switching center (3), current location information 
representative of a current location of the mobile station in a public 
telephone network, and a home agent (7) for managing, through a 
packet gateway (6), current location information representative of a 
current location of the mobile station in a packet data communication 
network, wherein the home location register and the home agent are 
connected to each other through a communication channel (15) for 
transmission of update contents for the current location information 
managed by the home location register and the home agent and are 
provided with location information update units (13, 14) responsive to 
the update contents for updating the current location information 
managed by the home location register and the home agent, 
respectively. 

With the above-mentioned structure, it is possible to establish 
matching between the current location information managed by the 
home location register and corresponding to the public telephone 
network and the current location information managed by the home 
agent and corresponding to the packet data communication network. 

Furthermore, it is unnecessary to periodically transmit a current 
location report from the mobile station to the home agent. Therefore, 
an increase in signal traffic is suppressed. 

It is noted here that the home agent is an agent for managing a 
single mobile station. This also applies to the home location register. 
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According to a second aspect of this invention, there is provided 
a mobile communication system according to the first aspect, wherein 
the home location register is provided with a home agent register (10) 
which carries out, in the home location register, registration of 
identifying information of the home agent corresponding to the mobile 
station, the home location register being provided with a subscriber 
register (11) which remotely carries out subscriber registration of the 
mobile station into the home agent through the communication channel. 

With the above-mentioned structure, it is possible to avoid 
mismatching between subscriber registration states in the home 
location register and the home agent. 

The above-mentioned structure is convenient for a subscriber 
because the subscriber registration is collectively carried out for both of 
the public telephone network and the packet data communication 
network and is reliably and instantaneously carried out via connection- 
oriented communication using the public telephone network. 

According to a third aspect of this invention, there is provided a 
mobile communication system according to the first or the second 
aspect, wherein at least one of the home location register and the home 
agent is provided with a current location information conversion table 
(9) for converting an indication format of the current location information 
managed by the at least one of the home location register and the 
home agent. 

With the above-mentioned structure, each of the home location 
register and the home agent refers to the current location information 
conversion table so that the current location information update content 
is transmitted in an appropriate format or the current location 
information is updated in response to the current location update 
content in a different format. 
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According to a fourth aspect of this invention, there is provided a 
mobile communication system according to the second aspect, wherein 
connection between the home location register and the home agent via 
the communication channel is network connection utilizing a TCP/IP 
(Transmission Control Protocol/Internet Protocol) network, the 
identifying information of the home agent comprising a network address 
of the home agent on the TCP/IP network. 

With the above-mentioned structure, connection between the 
home location register and the home agent is readily realized by a 
distributed network system so as to carry out transmission and 
reception. In addition, identification of the home agent can be carried 
out by the use of the network address. 

According to a fifth aspect of this invention, there is provided a 
mobile communication system according to any one of the first through 
the fourth aspects, wherein the packet data communication network is 
an internet. 

With the above-mentioned structure, it is possible to use internet 
resources. 

According to a sixth aspect of this invention, there is provided a 
current location information matching method for a mobile 
communication system which comprises a mobile station (1), a radio 
network (2) for radio transmission and reception to and from the mobile 
station, a home location register (4) for managing, through a mobile 
services-switching center (3), current location information 
representative of a current location of the mobile station in a public 
telephone network, and a home agent (7) for managing, through a 
packet gateway (6), current location information representative of a 
current location of the mobile station in a packet data communication 
network, the current location information matching method being for 
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matching the current location information of the mobile station in the 
public telephone network and the current location information of the 
mobile station in the packet data communication network, wherein the 
method comprising the steps of: 

connecting the home location register and the home agent to 
each other through a communication channel (15); 

carrying out, in the home location register, updating of the 
current location information of the mobile station in the public telephone 
network in response to a current location report transmitted from the 
mobile station to the radio network during mobile communication on the 
public telephone network to inform an update content through the 
communication channel to the home agent; and 

carrying out, in the home agent, updating of the current location 
information of the mobile station in the packet data communication 
network in response to a current location report transmitted from the 
mobile station to the radio network during packet data communication 
to inform an update content through the communication channel to the 
home location register. 

With the above-mentioned method, it is possible to establish 
matching between the current location information managed by the 
home location register and corresponding to the public telephone 
network and the current location information managed by the home 
agent and corresponding to the packet data communication network. 

in addition, it is unnecessary to periodically transmit the current 
location report from the mobile station to the home agent. Therefore, 
an increase in signal traffic is suppressed. 
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Brief Description of the Drawing : 

Fig. 1 is a view for describing a related mobile communication 
system and a related method of matching current location information 
for a mobile station; 

Fig. 2 is a block diagram for describing a mobile communication 
system and a method of matching current location information for a 
mobile station according to one embodiment of this invention; 

Figs. 3A through 3C are flow charts for describing an operation 
of the mobile communication system according to the method illustrated 
in Fig. 2; 

Fig. 4 is a view for describing subscriber data used in the mobile 
communication system and the method illustrated in Fig. 2; and 

Fig. 5 shows a current location information conversion table 
used in the mobile communication system and the method illustrated in 
Fig. 2. 

Description of the Preferred Embodiment: 
Now, description will be made of one embodiment of this 
invention with reference to the drawing. 

Referring to Fig. 2, a mobile communication system according to 
one embodiment of this invention comprises a mobile station (MS) 1 , 
first and second radio networks (RN) 2 and 1 8 for carrying out radio 
transmission/reception to and from the MS 1 , a mobile services- 
switching center (MSC) 3 for carrying out a switching operation on a 
public telephone network, a home location register (HLR) 4 for 
managing location information associated with the MS 1 on the public 
telephone network, a visitor location register (VLR) 5 provided in the 
MSC 3 to memorize MS information associated with the MS 1 , a packet 
gateway (PGW) 6 for dealing with packet data communication services, 



a home agent (HA) 7 for managing location information associated with 
the MS 1 on a packet data communication network, and first and 
second foreign agents (FA) 8 and 1 9 provided in the first and the 
second RNs 2 and18, respectively, for memorizing the MS information 
associated with the MS 1 . 

The HLR 4 and the HA 7 have subscriber databases 1 6 and 1 7 
memorizing subscriber data associated with MS 1 and managed by the 
HLR 4 and the HA 7, respectively. 

The HLR 4 is provided with a home agent register (HA register) 
1 0. The HLR 4 and the HA 7 are provided with subscriber registers 11 
and 1 2, respectively. 

Furthermore, the HLR 4 and the HA 7 are provided with location 
information update units 13 and 14, respectively. The HLR 4 and the 
HA 7 are connected to each other through a communication channel 
15. 

For the communication channel 1 5, use may be made of various 
protocols such as X25, the common channel signaling system No. 7, 
the frame relay, and TCP/I R Assuming the case where a plurality of 
HLRs 4 or a plurality of HAs 7 are present, connection using TCP/IP 
through LAN (Local Area Network) or WAN (Wide Area Network) is 
desirable. 

In addition to the above-mentioned structure, at least one of the 
HLR 4 and the HA 7 is provided with a current location information 
conversion table 9 for converting an indication format of the current 
location information for the MS 1 . 

Next, description will be made of operations in the mobile 
communication system and the method of matching current location 
information for a mobile station according to the one embodiment of this 
invention with reference to the drawing. 
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At first, description will be made of operations of the HA register 
10 and the subscriber registers 11 and 12. 

As illustrated in Figs. 2 through 5, a manager registers a packet 
data communication service subscriber in the HLR 4 by entering 
subscriber data (step S1 ). The HA register 1 0 requests an input of HA 
identifying information of the HA 7 where the subscriber in question is to 
be similarly registered (step S2). 

In the embodiment of this invention, an IP address or an IP 
domain name is used as the HA identifying information. 

When the manager enters the HA identifying information as 
requested (step S3), the HA register 10 writes the subscriber data and 
the HA identifying information supplied thereto into the subscriber 
database 16 (step S4). 

Referring to Fig. 4, the subscriber database 16 memories the 
subscriber data (a-d) and the HA identifying information (e) as HLA 
subscriber data illustrated in the figure. 

By way of example, the subscriber data contains a telephone 
number (a), a product number (b), a service type (c), and a charge type 
(d). Depending upon the system, various other data may be required. 
In the present specification, however, a minimum number of items are 
shown because the contents of the subscriber data have no direct 
concern with this invention. 

Next, the HA register 10 activates the subscriber register 11 
(step S5). 

Activated by the HA register 10, the subscriber register 11 reads 
from the subscriber database 16 the subscriber data and the HA 
identifying information specified by the HA register 10 (steps S6 and 
S7). 
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The subscriber register 11 prepares a remote subscriber data 
registration request signal containing the subscriber data read from the 
subscriber database 16 and delivers the remote subscriber data 
registration request signal through the communication channel 15 to the 
HA 7 specified by the HA identifying information read from the 
subscriber database 16 (step S8). 

When the subscriber register 12 of the HA 7 is supplied with the 
remote subscriber data registration request signal (step S9), the 
subscriber register 1 2 of the HA 7 extracts from the subscriber data 
registration request signal the subscriber data and sender HLR 
identifying information (steps S10 and S11) and writes the subscriber 
data and the sender HLR identifying information into the subscriber 
database 17 (step S12). 

In the embodiment of this invention, an IP address or an IP 
domain name is used as the HLR identifying information. 

The subscriber database 17 memorizes the subscriber data (a- 
d) and the HLR identifying information (f) as illustrated in Fig. 4. 

By way of example, the subscriber data contains a telephone 
number (a), a product number (b), a service type (c), and a charge type 
(d). Depending upon the system, various other data may be required. 
In the present specification, however, a minimum number of items are 
shown because the contents of the data have no direct concern with 
this invention. 

By the above-mentioned operation, the packet data 
communication service subscriber registered in the HLR 4 is 
simultaneously and automatically registered in the HA 7 also. 

Next, description will be made of location registration in case 
where the MS 1 after the above-mentioned subscriber registration 
moves from one RN to another. 
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At first, the MS 1 is turned on within a first service area under the 
first RN 2. In this event, the MS 1 transmits a location registration 
request signal to the first RN 2. The first RN 2 sends the location 
registration request signal through the MSC 3 to the HLR 4 so that first 
RN identifying information is registered in the HLR 4 as the current 
location information associated with the MS 1 . 

When the MS 1 moves from the first service area under the first 
RN 2 to a second service area under the second RN 18, the MS 1 at 
first transmits a location registration request signal to the second RN 
18. 

Thereafter, the location registration request signal is sent 
through the MSC 3 to the HLR 4 so that the first RN identifying 
information registered in the HLR 4 is rewritten into second RN 
identifying information as current location information associated with 
the MS 1 . 

The above-mentioned operation is known in the art and is 
therefore not shown in a flow chart. The current location information is 
recorded in the subscriber database 16 in the HLR 4 (g in Fig. 4). 

When the current location information is initially written or 
thereafter updated (step S13) as mentioned above, the location 
information update unit 13 arranged in the HLR 4 reads subscriber 
specifying information and the current location information g from the 
subscriber database 16 (step S14). 

If the current location information memorized in the HLR 4 is 
different in format from the current location information memorized in 
the HA 7, for example, if FA identifying information is used in the HA 7, 
the current location information read from the subscriber database 16 is 
converted into a format to be memorized in the HA 7 with reference to 
the current location information conversion table 9 (step S15). 
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Referring to Fig. 5, the current location information conversion 
table 9 includes RN numbers for the HLR 4 and FA addresses for the 
HA 7. 

Next, the location information update unit 13 reads the HA 
identifying information (e in Fig. 4) from the subscriber database 16 
(step S1 6). The location information update unit 1 3 produces a 
location information update request signal including the subscriber 
specifying information and the current location information and sends 
the location information update request signal through the 
communication channel 15 to the HA 7 specified by the HA identifying 
information read from the subscriber database 16 (step S17). 

On the other hand, the location information update unit 14 in the 
HA 7 receives the location information update request signal (step S18). 
Then, the location information update unit 14 extracts the current 
location information from the location information update request signal 
and writes the current location information in a current location 
information area (h in Fig. 4) in the subscriber data stored in the 
subscriber database 17 and specified by the location information 
update request signal. If existing current location information is 
already written, the existing current location information is rewritten into 
the current location information contained in the location information 
update request signal (step S19). 

If the MS 1 moves between the first RN 2 to the second RN 1 8 
during packet data communication, the current location information in 
the HA 7 is sometimes updated through the first or the second FA 8 or 
19. 

In this event, the current location information in the subscriber 
database 16 of the HLR 4 is updated in a manner reverse to that 
mentioned above. 
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Specifically, if the current location information is updated in the 
HA 7, the location information update unit 14 reads the subscriber 
specifying information and the current location information (h) from the 
subscriber database 17 in the manner similar to that mentioned above 
in connection with the location information update unit 13 in the HLR 4. 

Thereafter, the location information update unit 14 edits or 
produces the location information update request signal including the 
subscriber specifying information and the current location information 
and sends the location information update request signal through the 
communication channel 15 to the HLR 4 specified by the HLR 
identifying information read from the subscriber database 17. 

The location information remote update means 13 in the HLR 4 
receives the location information update request signal and updates the 
current location information (g in Fig. 4) in the subscriber data stored in 
the subscriber database 16 and specified by the location information 
update request signal. 

If the current location information memorized in the HLR 4 is 
different in format from the current location information memorized in 
the HA 7, for example, if the FA identifying information is used in the 
HLR 4, the current location information contained in the location 
information update request signal is converted into the format to be 
memorized in the HLR 4 with reference to the current location 
information conversion table 9. 

As described above, the current locations managed by the HLR 
4 and the HA 7 are always coincident with each other- 
Description will be made of another embodiment of this 
invention. This embodiment is similar in basic structure to the 
foregoing embodiment except the current location information 
conversion table is arranged in a different position. 



15 



In the foregoing embodiment, the HLR 4 is provided with the 
current location information conversion table 9. When the location 
information update unit 13 in the HLR 4 transmits and receives the 
current location information to and from the HA 7, the current location 
information conversion table 9 is referred to so that the current location 
information is converted in format. As another embodiment, both of 
the HLR 4 and the HA 7 have current location information conversion 
tables, respectively. In this case, each of the location information 
update units 13 and 14 refers to the table only when the current location 
information is transmitted to the other or only when the current location 
information is received from the other, and carries out format 
conversion as required. 

As still another embodiment, only the HA 7 is provided with the 
current location information conversion table. When the location 
information update unit 14 of the HA 7 transmits or receives the current 
location information to or from the HLR 4, the current location 
information conversion table is referred to and format conversion of the 
current location information is carried out. 

In the mobile communication system in which services are 
mutually available between service areas geographically apart from 
each other or administrated by different providers, a plurality of HLRs 
and a plurality of HAs are included. 

If the MS 1 moves between the service areas, location 
registration is generally updated between the HLR 4 or between the 
HLR and the VLR 5. Even in this event, it is possible to match the 
current location information between each HLR and each 
corresponding HA by applying the structure of this invention. 

As described above, according to this invention, the existing 
home location register (HLR) for managing the current location 
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information associated with the mobile station (MS) is connected to the 
home agent (HA) for managing the current location information required 
in the packet data communication services. The home location 
register (HLR) and the home agent (HA) are informed from each other 
of registration and updating of the current location information. With 
such basic structure, it is possible to match the current location 
information between the home location register (HLR) and the home 
agent (HA). 

Furthermore, it is possible to prevent an invalid call and a user 
data loss due to mismatching in current location information and to 
prevent the mobile station from doubly or repeatedly carrying out the 
location updating operation individually for the HLR and the HA. 

In addition, it is possible to provide the techniques of registering 
and updating the location information in the mobile communication 
system which are capable of effectively reducing the signal traffic in the 
radio section. 

It will readily be understood that this invention is not restricted to 
the foregoing embodiments but may be appropriately modified in 
various manners within the scope of this invention. 



